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Table S1: Crystal and structure refinement data of (CuSCN)(3-XPy)2 (X=Br, Cl). 
 1 2  
CCDC deposit no. 1483473 1483474 
color and habit yellow block yellow prism 
size, mm 0.28  0.23  0.10 0.52  0.15  0.14 
formula C44H32Br8Cu4N12S4 C44H32Cl8Cu4N12S4 
formula weight 1750.49 1394.81 
space group Pc (#7)
 
Pc (#7)
 
a, Å 11.5742(2) 11.4848(2) 
b, Å 9.4358(2) 9.2543(2) 
c, Å 25.9158(5) 25.8293(5) 
, deg 102.9110(10) 102.8390(7) 
volume, Å
3
 2758.76(9) 2676.59(9) 
Z 2 2 
calc, g cm
3 2.107 1.731 
F000 1680 1392 
(Cu K), mm1 10.310 7.303 
temperature, K 100 100 
residuals:
a
 R; Rw
 
0.0303; 0.0797 0.0395; 0.0987 
goodness of fit 1.044 1.032 
a
R = R1 = ||Fo|  |Fc||/|Fo| for observed data only.  Rw = wR2 = {[w(Fo
2
 – Fc
2
)
2
]/[w(Fo
2
)
2
]}
1/2
 
for all data. 
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Table S2: Selected Bond Distances (Å) and Angles (°) for CuSCN(3-BrPy)2 and CuSCN(3-
ClPy)2. 
 CuSCN(3-BrPy)2 CuSCN(3-ClPy)2 
Cu–NCS 1.935(9), 1.942(9), 1.946(9), 1.963(9) 1.921(7), 1.950(7), 1.972(10), 
1.974(9)  
Cu–SCN 2.295(3), 2.300(3), 2.331(3), 2.342(3) 2.286(3), 2.305(2), 2.328(3), 2.344(2)  
Cu–NPy 2.069(8), 2.087(8), 2.076(8), 
2.101(7), 2.073(8), 2.087(8), 
2.060(8), 2.098(8) 
2.034(7), 2.050(7), 2.062(7), 2.068(8), 
2.086(7), 2.091(7), 2.107(7), 2.115(7) 
S–C 1.656(10), 1.673(10), 1.666(10), 
1.659(10) 
1.696(9), 1.699(9), 1.647(10), 1.641(9) 
C–N 1.157(14), 1.145(13), 1.158(13), 
1.158(13) 
1.092(12), 1.105(12), 1.155(12), 
1.168(11) 
SCN–Cu–SCN 111.5(3), 111.6(3), 114.7(3), 115.3(2) 109.9(3), 109.5(3), 113.6(2), 113.9(2) 
SCN–Cu–NPy 105.6(3), 106.2(3), 110.7(3), 
110.9(3), 111.0(3), 112.7(3), 
113.3(3), 113.4(3) 
105.4(3), 107.0(3), 110.0(3), 110.7(3), 
112.3(3), 112.9(3), 113.3(3), 113.8(3) 
NCS–Cu–NPy 106.0(2), 106.5(2), 106.5(2), 
108.6(2), 113.4(2), 109.7(2), 
107.7(2), 114.3(2) 
105.72(19), 106.5(2), 107.7(2), 
107.8(2), 108.1(2), 109.1(2), 113.8(2), 
115.8(2) 
NPy–Cu–NPy 110.2(3), 96.5(3), 111.1(3), 97.1(3) 96.4(3), 97.6(3), 111.1(3), 112.5(3) 
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Table S3: Close atom interactions for CuSCN(3-BrPy)2 and CuSCN(3-ClPy)2. 
CuSCN(3-BrPy)2 CuSCN(3-ClPy)2 
Atom 1  Atom 2 Distance (Å) Atom 1  Atom 2 Distance (Å) 
Br1 C1 (SCN) 3.42(1) Cl1 C1 (SCN) 3.329(8) 
Br1 S1  3.614(2) Cl3 C2 (SCN) 3.375(8) 
Br2 C44 (BrPy) 3.49(1) Cl6 C3 (SCN) 3.466(9) 
Br3 C2 (SCN) 3.369(9) Cl8 C4 (SCN) 3.294(8) 
Br4 C34 (BrPy) 3.46(1) C20 (ClPy) C28 (ClPy) 3.22(1) 
Br5 C3 (SCN) 3.46(1) C23 (ClPy) C29 (ClPy) 3.30(1) 
Br6 C24 (BrPy) 3.47(1) Cl4 H40 (ClPy) 2.882 
Br7 C4 (SCN) 3.34(1) S2 H37 (ClPy) 2.713 
Br8 C14 (BrPy) 3.47(1) S3 H12 (ClPy) 2.737 
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Figure S1. View of (CuSCN)(3-ClPy)2 (a) and (CuSCN)(3-BrPy)2 (b) along the a-axis showing 
enantiomorphic relation between the unit cell contents of the compounds. 
 
 
 
 
 
 
 
 
 
a b 
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Figure S2. Thermal ellipsoid rendering of the asymmetric unit of (a) (CuSCN)(3-BrPy)2 and (b) 
(CuSCN)(3-ClPy)2 shown at 50% probability.  
a b 
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Figure S3. Excitation and emission spectra of CuSCN(3-BrPy)2. 
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Figure S4. Excitation and emission spectra of CuSCN(3-ClPy)2. 
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Figure S5: Emission spectra for (CuSCN)(3-BrPy)2 after 5-minute intervals of 266 nm for cycle 
2 (a) and cycle 3 (b) performed succession on sample crystal. All spectra obtained at 78 K. Half-
life calculations shown below each cycle. 
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Figure S6. Real time luminescence scan with 15 minutes of laser irradiation at 266 nm and 78 K 
for (CuSCN)(3-BrPy)2. Note the constant emission intensity after laser irradiation has stopped at 
the ~15-minute mark.  
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Figure S7. Emission spectra for (CuSCN)(3-BrPy)2 after 5-minute intervals of (a) 244 nm, (b) 
278 nm, and (c) 290 nm laser irradiation. All spectra obtained at 78 K. 
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Figure S8. Emission spectra for (CuSCN)(3-ClPy)2 after 5 minute intervals of (a) 318 nm, (b) 
270 nm, (c) 239 nm, and (d) 210 nm laser irradiation. All spectra obtained at 78 K. 
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Table S4. Laser power output at various wavelengths. 
 
Laser Wavelength, nm Power Output, J 
210  150  
237  305  
239  303  
244  340  
266  310  
270  315  
318  115  
320  120  
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 B3LYP/LANL2DZ M06/CEP-31G Experimental 
          Bond Lengths (Å)  
NCS-Cu 2.487 2.2849 2.2947 
Cu-NCS 2.036 1.9465 1.9417 
Cu-Py 2.107 2.2293 2.0597 
Cu-Py 2.110 2.2451 2.0976 
C-Br 1.969 1.9066 1.8890 
C-Br 1.969 1.9066 1.8908 
         Bond Angles (°) 
NCS-Cu-
NCS 
127.7 137.2 115.3 
Py-Cu-
Py 
111.7 88.7 97.1 
 
Figure S9. DFT calculated geometric parameters of the ground state geometry (CuSCN)(3-
BrPy)2 with a three coordinated copper(I). 
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Figure S10. DFT calculated geometric parameters of the ground state geometry (CuSCN)(3-
BrPy)2 with a four coordinated copper(I) neutral molecule. 
 B3LYP/LANL2DZ M06/CEP-31G Experimental 
         Bond Lengths (Å) 
NCS-Cu 2.464 2.9529 2.2947 
Cu-NCS 2.076 1.9703 1.9417 
Cu-Py 2.083 1.9815 2.0597 
Cu-Py 2.076 1.9982 2.0976 
C-Br 1.961 1.8978 1.8890 
C-Br 1.961 1.8942 1.8908 
         Bond Angles (°) 
NCS-Cu-
NCS 
102.5 89.7 115.3 
Py-Cu-Py 114.7 140.4 97.1 
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         Method/Basis Set 
 B3LYP/LANL2DZ M06/CEP-31G Experimental 
         Bond Lengths (Å) 
NCS-Cu 2.487 2.2849 2.2947 
Cu-NCS 2.036 1.9465 1.9417 
Cu-Py 2.107 2.2293 2.0597 
Cu-Py 2.110 2.2451 2.0976 
C-Br 1.969 1.9066 1.8890 
C-Br 1.969 1.9066 1.8908 
         Bond Angles (°) 
NCS-Cu-NCS 127.7 137.2 115.3 
Py-Cu-Py 111.7 88.7 97.1 
 
 
 
 
Figure S11. DFT calculated geometric parameters of the ground state geometry (CuSCN)(3-
BrPy)2 with a four coordinated copper(I) negative molecule. 
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Parameter M06/cep-31g 
Length(Å)/ Angle (°) 
Crystal Structure 
Length(Å)/ Angle (°) 
NCS-Cu 2.3071 2.3427 
Cu-NCS 1.9761 1.9461 
Cu-Py 2.1969 2.0869 
Cu-Py 2.19538 2.0736 
C-Br 1.9031 1.9015 
C-Br 1.8999 1.8738 
NCS-Cu-NCS 134.1 111.5 
Py-Cu-Py 102.0 111.1 
NCS-Cu 2.2907 2.2947 
Cu-NCS 1.9417 1.9417 
Cu-Py 2.2492 2.0976 
Cu-Py 2.1653 2.0597 
C-Br 1.9044 1.9057 
C-Br 1.9021 1.8482 
NCS-Cu-NCS 138.7 115.3 
Py-Cu-Py 89.9 97.1 
 
 
Figure S12. DFT calculated geometric parameters of the ground state geometry [(CuSCN)(3-
BrPy)2]2
-
 with a dimer four coordinated copper(I) negative molecule.  
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Parameter M06/cep-31g 
Length(Å)/ Angle (°) 
Parameter M06/cep-31g 
Length(Å)/ Angle (°) 
NCS-Cu 2.2929 C-Cl 1.8951 
Cu-NCS 1.9649 C-Cl 1.8961 
Cu-Py 2.1718 NCS-Cu-NCS 128.6 
Cu-Py 2.2083 Py-Cu-Py 107.4 
C-Br 1.9054 NCS-Cu 2.3170 
C-Br 1.9024 Cu-NCS 1.9295 
NCS-Cu-NCS 135.6 Cu-Py 2.2544 
Py-Cu-Py 96.1 Cu-Py 2.1507 
NCS-Cu 2.3445 C-Cl 1.9032 
Cu-NCS 1.9742 C-Cl 1.9062 
Cu-Py 2.1448 NCS-Cu-NCS 138.2 
Cu-Py 2.1552 Py-C-Py 98.4 
 
 
 
Figure S13. DFT calculated geometric parameters of the ground state geometry [(CuSCN)(3-
BrPy)2]3
-
 with a trimer four coordinated copper(I) negative molecule. 
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Table S5. Tabulated summary of M06/CEP-31G(d) optimized structure of {[Cu(SCN)2(3-
BrPy)2]}2
–2
 compared against the crystal structure. 
Parameter M06/cep-31g 
Length(Å)/ Angle (°) 
Crystal Structure 
Length(Å)/ Angle (°) 
S1-Cu5 2.2955 2.2994 
Cu5-N7 1.9580 1.9346 
Cu5-N8 2.2254 2.1008 
Cu5-N9 2.1925 2.0758 
C14-Br3 1.9087 1.8795 
C23-Br4 1.8974 1.8935 
N7-Cu5-S1 132.6 114.7 
N8-Cu5-N9 90.2 96.4 
S30-Cu33 2.3200 2.2948 
Cu33-N35 1.9587 1.9421 
Cu33-N37 2.2104 2.0981 
Cu33-N40 2.1541 2.0591 
C46-Br32 1.8992 1.8951 
C45-Br36 1.9078 1.9055 
N37-Cu-S30 132.3 115.3 
N37-Cu33-N40 96.9 97.1 
Cu5-Cu33 8.6772 8.4473 
S1-Br36 4.3054 4.7035 
 
 
  
 S19 
 
 
 
Figure S14. TD-DFT M06/CEP-31G(d) calculated UV-Vis spectrum of {[Cu(SCN)2(3-
BrPy)2]}2
–2
. 
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Table S6. TD-DFT calculated excited states with corresponding energy and f-oscillation.  
Transition 
Number 
Transition Energy 
(nm) 
Oscillator 
Strength 
71 378 0.01 
109 350 0.02 
125 342 0.01 
139 337 0.01 
141 334 0.03 
208 306 0.02 
233 293 0.01 
243 290 0.02 
246 288 0.01 
271 278 0.01 
290 274 0.01 
296 271 0.01 
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Table S7. Calculated molecular orbital transitions of select excited states for {[Cu(SCN)2(3-
BrPy)2]}2
–2
 with percent contribution. 
Transition Number 
(Energy) 
Orbital Transition 
% 
Contribution 
71 
(378 nm) 
HOMO – 3 ➝ LUMO + 4 23 
HOMO – 3 ➝ LUMO + 5 21 
HOMO – 9  ➝ LUMO 16 
HOMO – 3 ➝ LUMO + 2 15 
HOMO ➝ LUMO + 7 9 
HOMO – 9 ➝ LUMO + 1 6 
HOMO – 7 ➝ LUMO 5 
HOMO – 3 ➝ LUMO + 3 4 
HOMO – 7 ➝ LUMO + 1 3 
141 
(334 nm) 
HOMO – 13   ➝ LUMO 32 
HOMO – 5  ➝ LUMO + 6 21 
HOMO – 9  ➝ LUMO + 1 14 
HOMO – 13  ➝ LUMO + 1 13 
HOMO – 4  ➝ LUMO + 6 9 
HOMO – 9  ➝ LUMO + 3 7 
HOMO – 9  ➝ LUMO 4 
296 
(270 nm) 
HOMO – 3 ➝ LUMO + 10 54 
HOMO – 12 ➝ LUMO + 7 12 
HOMO – 16 ➝ LUMO + 2 6 
HOMO – 5 ➝ LUMO + 10 6 
HOMO – 16 ➝ LUMO 5 
HOMO – 4 ➝ LUMO + 11 5 
HOMO – 15 ➝ LUMO + 1 4 
HOMO – 1 ➝ LUMO + 11 4 
HOMO – 16 ➝ LUMO + 1 3 
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Table S8. Tabulated summary of M06/CEP-31G(d) optimized structure of the lowest excited 
state of {[Cu(SCN)2(3-BrPy)2]}2
–2
 compared against the ground state. 
Parameter Ground state 
Length(Å)/ Angle 
(°) 
Triplet State 
Length(Å)/ Angle (°) 
S1-Cu5 2.2955 2.2736 
Cu5-N7 1.9580 1.9254 
Cu5-N8 2.2254 2.1688 
Cu5-N9 2.1925 2.4905 
C14-Br3 1.9087 1.9072 
C23-Br4 1.8974 1.9073 
N7-Cu5-S1 132.6 140.1 
N8-Cu5-N9 90.2 87.9 
S30-Cu33 2.3200 2.2705 
Cu33-N35 1.9587 1.8802 
Cu33-N37 2.2104 3.5465 
Cu33-N40 2.1541 2.0787 
C46-Br32 1.8992 1.9087 
C45-Br36 1.9078 1.9082 
N37-Cu-S30 132.3 129.4 
N37-Cu33-N40 96.9 80.9 
Cu5-Cu33 8.6772 9.8133 
S1-Br36 4.3054 5.2179 
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Figure S15. Four highest contributing orbital transitions of excited state 71 {[Cu(SCN)2(3-
BrPy)2]}2
–2
 at 378 nm showing a clear CuSCN→Py π* transition. 
 
 
  
 S24 
 
 
Figure S16. TD-DFT optimized geometry for {[Cu(SCN)2(3-BrPy)2]}2
–2
 Excited State A (343 
nm). 
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Table S9. Summary of TD-DFT optimized geometry for {[Cu(SCN)2(3-BrPy)2]}2
–2
 Excited State 
A (343 nm). 
Parameter 
Triplet State A 
Length(Å)/Angle (°) 
Ground State 
Length(Å)/Angle (°) 
Difference 
Length(Å)/Angle (°) 
S30-Cu31 2.31357 2.2955 0.01807 
Cu31-N54 1.95972 1.9580 0.00172 
Cu31-N34 2.16064 2.1925 0.03186 
Cu31-N44 2.21296 2.2254 0.01244 
C39-Br58 1.89947 1.8974 0.00207 
C47-Br57 1.90826 1.9087 0.00044 
N54-Cu31-S30 134.1 132.6 1.5 
N34-Cu31-N44 96.8 90.2 6.6 
S25-Cu1 2.28179 2.3200 0.03821 
Cu1-N2 1.92042 1.9587 0.03828 
Cu1-N3 2.25539 2.2104 0.04499 
Cu1-N13 2.00573 2.1541 0.14837 
C6-Br29 1.92616 1.8992 0.02696 
C16-Br18 1.89512 1.9078 0.01268 
N2-Cu1-S25 117.3 132.3 15 
N3-Cu1-N13 99.7 96.9 2.8 
Cu1-Cu31 8.95890 8.6772 0.2817 
S1-Br36 4.50091 4.3054 0.19551 
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Figure S17. Four highest contributing orbital transitions of excited state A of {[Cu(SCN)2(3-
BrPy)2]}2
–2
 at 334 nm showing a clear CuSCN→Py π* and CuSCN→C-Br * transition. 
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Figure S18. DFT calculated geometric parameters of the ground state geometry 
[Cu(SCN)(SCNH)(3-ClPy)2] with a four coordinated copper(I) neutral molecule. 
  
 
Method/Basis Set 
 
B3LYP/LANL2DZ Experimental 
 
Bond Lengths (Å) 
NCS-Cu 2.441 2.3048 
Cu-NCS 2.075 1.9204 
Cu-Py 2.087 2.0500 
Cu-Py 2.096 2.0913 
C-Br 1.808 1.7360 
C-Br 1.813 1.7314 
 
Bond Angles (°) 
NCS-Cu-NCS 107.5 113.9 
Py-Cu-Py 109.4 97.6 
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Method/Basis Set 
 
B3LYP/LANL2DZ M06/CEP-31G Experimental 
 
Bond Lengths (Å) 
NCS-Cu 2.497 2.2849 2.3048 
Cu-NCS 2.039 1.9474 1.9204 
Cu-Py 2.103 2.2225 2.0500 
Cu-Py 2.108 2.2510 2.0913 
C-Cl 1.819 1.7546 1.7360 
C-Cl 1.821 1.7548 1.7314 
 
Bond Angles (°) 
NCS-Cu-NCS 125.8 136.9 113.9 
Py-Cu-Py 113.0 88.8 97.6 
 
  
Figure S19. DFT calculated geometric parameters of the ground state geometry (CuSCN)(3-
ClPy)2
-
 with a four coordinated copper(I) negative molecule. 
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Table S10. Tabulated summary of M06/CEP-31G(d) optimized structure of {[Cu(SCN)2(3-
ClPy)2]}2
–2
 compared against the crystal structure. 
Parameter M06/cep-31g 
Length(Å)/ Angle (°) 
Crystal Structure 
Length(Å)/ Angle (°) 
S4-Cu1 2.2944 2.3269 
Cu1-N7 1.9524 1.9749 
Cu1-N8 2.2187 2.1073 
Cu1-N9 2.0860 2.0685 
C14-Br2 1.7534 1.7141 
C23-Br3 1.7565 1.7411 
N7-Cu1-S4 134.9 109.9 
N8-Cu1-N9 90.4 111.1 
S33-Cu30 2.3055 2.3439 
Cu30-N34 1.9521 1.9502 
Cu30-N38 2.2106 2.0873 
Cu33-N37 2.1929 2.0614 
C52-Br32 1.7577 1.7280 
C43-Br31 1.7567 1.7468 
N34-Cu30-S56 133.4 109.5 
N35-Cu30-N36 90.6 112.5 
Cu1-Cu30 11.7673 7.7838 
S5-Br31 5.6261 5.5581 
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Figure S20. TD-DFT M06/CEP-31G(d) calculated UV-Vis spectrum of {[Cu(SCN)2(3-
ClPy)2]}2
–2
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Parameter M06/cep-31g 
Length(Å)/ Angle (°) 
Crystal Structure 
Length(Å)/ Angle (°) 
NCS-Cu 2.3095 2.3048 
Cu-NCS 1.9783 1.9204 
Cu-Py 2.1905 2.0500 
Cu-Py 2.1914 2.0913 
C-Cl 1.7508 1.7360 
C-Cl 1.7478 1.7314 
NCS-Cu-NCS 133.7 113.9 
Py-Cu-Py 103.3 97.6 
NCS-Cu 2.2928 2.2867 
Cu-NCS 1.9363 1.9715 
Cu-Py 2.2424 2.1143 
Cu-Py 2.1637 2.0345 
C-Cl 1.7525 1.7310 
C-Cl 1.7512 1.7630 
NCS-Cu-NCS 138.8 113.6 
Py-Cu-Py 91.4 96.4 
 
 
Figure S21. DFT calculated geometric parameters of the ground state geometry [(CuSCN)(3-
ClPy)2]2
-
 with a dimer four coordinated copper(I) negative molecule.  
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Parameter M06/cep-31g 
Length(Å)/ Angle (°) 
Parameter M06/cep-31g 
Length(Å)/ Angle (°) 
NCS-Cu 2.2937 C-Cl 1.7439 
Cu-NCS 1.9645 C-Cl 1.7455 
Cu-Py 2.2043 NCS-Cu-NCS 128.1 
Cu-Py 2.1726 Py-Cu-Py 107.5 
C-Cl 1.7509 NCS-Cu 2.3183 
C-Cl 1.7535 Cu-NCS 1.9291 
NCS-Cu-NCS 135.8 Cu-Py 2.2560 
Py-Cu-Py 96.5 Cu-Py 2.1536 
NCS-Cu 2.3446 C-Cl 1.7561 
Cu-NCS 1.9750 C-Cl 1.7521 
Cu-Py 2.1474 NCS-Cu-NCS 138.7 
Cu-Py 2.1536 Py-C-Py 98.3 
 
 
Figure S22. DFT calculated geometric parameters of the ground state geometry [(CuSCN)(3-
ClPy)2]3
-
 with a trimer four coordinated copper(I) negative molecule. 
